Purpose Our aim was to study how patients and their clinicians evaluated the usability of PatientViewpoint, a webtool designed to allow patient-reported outcome (PRO) measures to be used in clinical practice. Methods As part of a two-round quality improvement study, breast and prostate cancer patients and their medical and radiation oncology clinicians completed semi-structured interviews about their use of PatientViewpoint. The patient interview addressed different phases of the PRO completion workflow: reminders, completing the survey, and viewing the results. The clinician interviews asked about use of PatientViewpoint, integration with the clinical workflow, barriers to use, and helpful and desired features. Responses were recorded, categorized, and reviewed. After both rounds of interviews, modifications were made to PatientViewpoint. Results Across the two rounds, 42 unique patients (n=19 in round 1, n=23 in round 2) and 12 clinicians (all in both rounds) completed interviews. For patients, median age was 65, 81 % were white, 69 % were college graduates, 80 % had performance status of 0, 69 % had loco-regional disease, and 81 % were regular computer users. In the quality improvement interviews, patients identified numerous strengths of the system, including its ability to flag issues for discussion with their provider. Comments included confusion about how scores were presented and that the value of the system was diminished if the doctor did not look at the results. Requests included tailoring questions to be applicable to the individual and providing more explanation about the score meaning, including having higher scores consistently indicating either better or worse status. Clinicians also provided primarily positive feedback about the system, finding it helpful in some cases, and confirmatory in others. Their primary concern was with impact on their workflow. Conclusions Systematically collected feedback from patients and clinicians was useful to identify ways to improve a system to incorporate PRO measures into oncology practice. The findings and evaluation methods should be useful to others in efforts to integrate PRO assessments into ambulatory care. Implications for Cancer Survivors Systems to routinely collect patient-reported information can be incorporated into oncology practices and provide useful information that promote patient and clinician partnership to improve the quality of care.
Introduction
Patient-reported outcome (PRO) measures are used increasingly in clinical practice [1] [2] [3] [4] . PRO measures are ratings and reports that come directly from patients about their health, including information about functional status, psychological well-being, health-related quality of life, and symptoms [5] .
The rise of information technology has made collection of PRO measures more convenient, allowing for electronic data capture, immediate scoring, and generation of reports [6, 7] . The concurrent upswing of interest in comparative effectiveness research and the widespread adoption of electronic health records (EHRs) are helping to accelerate the integration of PROs into clinical practice [1, 8] .
While a number of studies have evaluated the impact of PROs in clinical care and reviewed different electronic PRO (ePRO) systems, there have been few published reports focused specifically on how to optimize the usability of the ePRO technologies that collect the PRO data. In general, clinicians have found PRO data to be useful and not disruptive to their practices [9] [10] [11] . Rose and Bezjak [12] and others [4, 13, 14] have described some of the logistics of collecting PROs in clinical practice. Jensen and colleagues reviewed the electronic collection of PRO measures in cancer care and found that there was little consensus on questionnaire administration, integration, or results reporting for 33 unique systems identified [15] .
We developed PatientViewpoint, a webtool designed to (1) allow clinicians to order PRO measures to be completed by a patient, (2) collect PRO data from patients, and (3) link the PRO data with the EHR to facilitate their use in managing individual patients [16, 17] . A primary goal of PatientViewpoint is to improve patients' experience of care by facilitating doctor-patient communication. An initial pilot test of PatientViewpoint demonstrated that patients and clinicians are willing to use the website and find the technology helpful [18] . However, this pilot was done in a research setting with a limited number of patients, and with close monitoring by the research team of how, when, and where patients and clinicians used or did not use the system.
In this paper, we report o n a further tes t of PatientViewpoint, conducted as a substudy of a randomized controlled trial (RCT) comparing patient and clinician preferences for the use of different PRO questionnaires in ambulatory oncology practice [19] . While the larger RCT focused on the content of the different questionnaires being tested, the substudy used a quality improvement approach to ascertain the usability of PatientViewpoint to deliver the questionnaires. This two-round, short-cycle substudy elicited patient and clinician comments and suggestions for improvement, followed by adjustments and then reevaluation [20] .
Methods Design
This was a quality improvement (QI) study of the PatientViewpoint webtool, conducted as a substudy of a randomized controlled trial comparing three PRO measures for use with cancer patients and their clinicians [19] . While the larger trial focused on the content of the questionnaires, this s t u d y f o c u s e d s p e c i f i c a l l y o n t h e u s a b i l i t y o f PatientViewpoint in a subgroup of purposively sampled patients and clinicians. There were two quality improvement rounds, each of which included a cross-sectional, interviewbased assessment. This was not a qualitative study in that the data were not collected with the goal of achieving thematic saturation, but rather to inform adjustments. The main trial was conducted between October 25, 2010 and December 9, 2012. The quality improvement substudy began on September 12, 2011 and continued until the end of the study.
PatientViewpoint
PatientViewpoint allows clinicians to assign patients PRO questionnaires to be completed at pre-defined intervals [16, 17] . Patients receive an e-mail reminder to complete the questionnaire with a link to the website. The results from the patient's current and previous questionnaires are displayed in graphical format. Scores that are poor in absolute terms, or represent a significant worsening from the previous assessment, are highlighted in yellow to alert clinicians. Free-text boxes ask patients to report the issue they are most interested in discussing with their clinician and any other feedback. Links are available to explain what is covered in each domain (BWhat is this?^) and how the different PROs are scored (BScore Meaning^). An additional BWhat can I do^link provides clinicians with advice about steps that might be taken in response to poor scores. PatientViewpoint provides graphical score reports, and a plain-text table is imported into the electronic health record (EHR). Because the yellow highlighting is not possible in the plain-text format, an asterisk is used instead.
Study setting
Study participants included breast and prostate cancer patients and their clinicians in radiation and medical oncology practice from the East Baltimore campus of the Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins in Maryland. A consecutive sample of eligible patients able to read English was selected. Details of the randomized trial have been reported [19] . The Johns Hopkins School of Medicine IRB approved the study, including the current quality improvement component.
Recruitment
E-mail invitations were sent to the radiation and medical oncologists with substantial patient loads in breast and prostate cancer. If a clinician was willing to participate, she/he was asked to provide written informed consent. We also invited the nurse practitioners who worked with these clinicians to participate. Oncology staff used a flyer to recruit patients of participating clinicians. For eligible patients who agreed to participate, the study coordinator obtained written consent.
Procedures
At enrollment, patients completed brief socio-demographic questionnaires, and basic clinical information (performance status, type of cancer, extent of disease, and past and current treatments) was collected from their providers. During the period of the quality improvement substudy, enrolled patients were encouraged to complete their PRO questionnaires via the PatientViewpoint website from home (or elsewhere). Specifically, enrolled patients were given a letter with a username and password for the website and oriented on how to use the website. Patients without computer/Internet access or who did not complete the questionnaires offsite were given the opportunity to complete the questionnaires in the clinic prior to their visit, using a laptop provided by the research coordinator. Patients were followed for the duration of their treatment or until the study terminated (whichever was shorter).
Enrolled patients received e-mail reminders when it was time for them to complete the PatientViewpoint questionnaire online. The PRO questionnaires used in this study were the EORTC QLQ-C30 [21] , the Supportive Care Needs SurveyShort Form [22] , and PROMIS Short Forms representing several domains [23] . Whether patients completed the PRO questionnaire at home or in the clinic, they accessed the PatientViewpoint website via the Internet. The research coordinator monitored whether patients completed the PRO questionnaire, either offsite prior to their oncologist visit or using the in-clinic computer, and asked patients who did not complete the questionnaire about their reasons for non-completion (too ill, got tired, lost interest, not enough time, technical problems).
At each clinic visit, for patients who completed the PRO questionnaires, clinicians were provided with an automatically generated report in the electronic medical record. Clinicians could also obtain a printed hard copy of the summary report or access the results via the PatientViewpoint website. All clinicians were trained in the website's use and the interpretation of the patient PRO data summary reports when they enrolled.
Quality improvement
To assess and improve the website's usability, we applied a quality improvement (QI) approach with two 3-month cycles, adapting the standard Plan-Do-Study-Act (PDSA) model ( Fig. 1 ) [24] . PDSA is an iterative management method used in the continuous quality improvement of processes and products. This approach has been widely adopted in medicine as the basis for rapid improvement of clinical processes [25] . Since the product, PatientViewpoint, had already been developed (Plan), we started each cycle with the BDo^component of implementing it in the clinic. Each BStudy^cycle included feedback from patients and clinicians about their experience with steps in using PatientViewpoint, including ordering, data collection/survey completion, viewing results, interpretation, and clinical decision making. The BAct^component took place at the end of each 3-month cycle. We used the information gathered from patients and clinicians to make adjustments to improve PatientViewpoint. At the end of each PDSA cycle, the research team BPlanned^the improvements of the system based on this feedback and implemented them (Do).
Patients The study team conducted semi-structured interviews with patients regarding the use of the website. At the beginning of the interview, patients demonstrated using PatientViewpoint and then reported on parts of the process they found helpful and perceived barriers. In each cycle, we aimed to conduct Bnew user^interviews with 12 patients after they had completed their first questionnaires using PatientViewpoint, and we aimed to interview 12 different Bexperienced user^patients after they had completed three questionnaires. For each set of interviews, the target sample included three breast medical oncology patients, three prostate medical oncology patients, three breast radiation oncology patients, and three prostate radiation oncology patients. Patients were only asked to participate in one interview (i.e., as a Bnew^or Bexperienced^user) and were only interviewed in one PDSA cycle. Sample size was estimated to provide enough responses to inform improvements.
Clinicians The study team conducted semi-structured interviews with clinicians regarding the use of the website. We asked clinicians to relate an example in which they used the PatientViewpoint web system during a patient encounter, an example in which they did not use the PatientViewpoint web system during a patient encounter, and their most recent visit with a patient who was enrolled in the study. We asked clinicians to demonstrate how they used the information during the patient encounter, aspects of the system they found informative and helpful, and barriers they perceived in using the system. Clinician interviews occurred after the first month of each cycle so that clinicians had an opportunity to become accustomed to using the updated web system. Enrolled clinicians were interviewed for both PDSA cycles.
Analysis
The characteristics of the study sample of patients and clinicians were summarized descriptively. For the QI interviews, responses were recorded verbatim. The goal was to gather information on the complete range of reactions to the system-without indicating which ones characterized the most patients and which ones were based on only a few responses. One researcher (CFS) categorized themes from the interviews using a framework based on the semi-structured probes corresponding to different phases in the questionnaire completion workflow (e-mail reminders, completing the survey, viewing the results, other). Three research team members (AWW, SMW, CFS) then met and discussed the responses and the identified themes. Disagreements were adjudicated by consensus.
Results

Study sample and clinician and patient characteristics
Twelve of 13 clinicians (92 %) approached agreed to participate in the study (5 medical oncologists, 4 radiation oncologists, 3 nurse practitioners; 8 were male and 4 were female). Between October 25, 2010 and December 9, 2012, study staff approached 301 potentially eligible patients, of whom 224 (74 %) were enrolled [19] . The 100 patients enrolled after September 12, 2011 were trained on PatientViewpoint so that they could complete their questionnaires remotely, rather than in the clinic. Of these 100 patients, 42 participated in the QI substudy, purposively sampled to represent breast or prostate cancer patients being treated in medical or radiation oncology-19 patients were interviewed in round 1 and 23 in round 2. Of these, the median age was 65, 81 % were white, 69 % were college graduates or higher, 17 had breast cancer, 24 had prostate cancer, 80 % had performance status of 0, and 69 % had loco-regional disease. Nineteen percent were not regular computer users, and 23 % did not have high-speed Internet access (Table 1) .
Patient and clinician quality improvement interviews
The semi-structured interviews conducted with patients and clinicians provided information regarding their perspectives on PatientViewpoint, its features, their experience, and how it fits into the clinical workflow. Table 2 summarizes the results for round 1 and round 2 of interviews for patients and for clinicians. Most patient feedback focused on streamlining survey ordering and completion and understanding the results, whereas the majority of clinician feedback focused on integration of PRO results into their workflow, as well as improving the interpretability and usefulness.
Overall, patients provided primarily positive feedback about the system and identified several strengths including the experience of being notified and completing the questionnaires at home, identifying issues that might otherwise be missed, and discussing them with their clinician. In the first round, patients complained that they did not get sufficient notification about surveys and that they were unable to recognize that the surveys were being sent from the hospital. Patients valued the opportunity to submit free-text comments. They felt the value of the system was diminished if the clinician did not look at the results; some wanted to be notified when the provider viewed the scores. In viewing the results, patients valued the ability to track scores over time. They found it confusing that higher scores meant better health for some scales, but worse health for others. The absolute value of the scores was not well understood. Patients felt that they could answer PRO questions around the time of an office visit, but recommended tailoring questions to be applicable to the individual and providing more explanation about the score meaning, including having higher scores, consistently indicate either better or worse status. Regardless of this, some patients thought it was the clinician's responsibility to review the scores, discuss abnormal findings, and act on them.
A few clinicians were slow to adopt the system initially and had not used it prior to their first interview. However, once engaged, all reported that it could be helpful. Individual respondents wanted more functionality in different respects, but a universal concern was the impact of incorporating PROs into their workflow. Comments indicated that they had not integrated checking of PRO results into their clinic routine. Some described looking at patient results the night or morning before their appointments, with concerns that this would not be possible if patients completed surveys in clinic on the same day. One clinician noted that a patient was seen by a physician's assistant, so she/he had not logged in to view the results. Another noted wanting to use appointment time for face-toface interaction, rather than looking at the computer. E-mail reminders were convenient because clinicians already had an established routine for using them.
Most physicians preferred graphs to tables. Clinicians wanted clearer and more consistent indications for what scores mean, including if a score was in the normal range and whether a higher score indicates better or worse health. Having to log on to more than one site (e.g., both EHR and PatientViewpoint) was viewed as a barrier. Several clinicians stated that they would be willing to sacrifice the graphical presentation of results to avoid the hassle of logging in to an additional system. A few believed that usability and usefulness would improve once PRO results were more fully integrated into the electronic health record. They suggested a number of improvements to the presentation of PRO results and interpretation. However, they also reported that explanatory information presented with the patient results became less necessary over time as they became more accustomed to the system. In using PRO results, one clinician reported that despite being presented with the information, she/he still wanted the patient to mention it before acting. Another expressed distrust of the importance of the scores, preferring that the patient Bidentify the need directly to me rather than through a score on a survey, which may or may not indicate that it is an issue they would choose to spend time on with me. A number on a survey does not convey to me whether or not the patient really feels the issue is bothersome enough or needs to be addressed with me.B ased on the feedback from round 1, several modifications were made to PatientViewpoint. These included adding BHopkins^to the e-mail subject line and in the BFrom^alias for notification about surveys, increasing the frequency of email notifications sent to patients, making the Bsubmit^but-ton more obvious on the patient screens, adding a warning about the limit on free-text characters, and revising instructions. Some modifications were not made due to financial and system constraints, such as creating a direct link from the site to the EHR. After round 2, additional planned improvements included (1) an improved patient searching function for clinicians, (2) placing the meaning of scores adjacent to the graph for each specific domain, (3) making arrows indicating the direction of Bbetter^scores more prominent, (4) permitting a single login, (5) shading of the normal range on the graphical presentations of scores, (6) improving the Bwhat can I dof unction by providing specific referral information, (7) linking PRO scores to other patient data, and (8) developing a smartphone app. Some of these improvements were ultimately delayed pending migration of the Health System to Epic. A number of issues remained as questions for further research and development, such as imposing uniform directionality on all scales to indicate better health and individualized tailoring in describing results.
Discussion
We conducted a longitudinal pilot test of PatientViewpoint, a webtool to collect patient-reported outcome measures and deliver them to electronic health records. We improved the tool iteratively using a quality improvement approach. We conducted the research in a practice setting in the context of a larger clinical trial. The results informed improvements to our system, as well as having implications for the design and application of PRO data collection in general into clinical settings.
Patients liked several features of the system, including the ability to complete questionnaires at home, identify issues of specific importance, and flag these issues for discussion with their doctor. Patients appreciated being able to view their own results and valued being able to track scores over time. However, they recommended tailoring questions more to the goals and priorities of individual patients. Some were confused by conventions in presenting and scoring of PRO measures. In their opinion, the value was greatly diminished if the clinician did not look at the results. While some appreciated the reminder to bring up issues with their provider, others fell back on the clinician to evaluate their responses, bring them up in the visit, and act on them.
Clinicians also provided primarily positive feedback about the system and found it helpful in some cases, confirmatory and reassuring in others. They valued graphical presentation, but their greatest concerns were the impact of incorporating PROs into their workflow. Unsurprisingly, they reported that the informational links (e.g., BWhat is this?^and BScore Meaning^) became less necessary as they grew accustomed to using the system. Interestingly, one physician reported that despite being presented with information on PROs, she/he still wanted the patient to mention it before acting. Since many patients rely on their physicians to do this, this demonstrates that simply having the information does not necessarily lead to action. It also suggests that more education of both patients and providers would be useful in how to apply PROs in clinical practice.
The study provides valuable information on how improvements were made to the system; for example, information about the meaning of scores and guidance on action for scores indicating potential needs can be helpful to patients and clinicians. Our method of rapid cycle improvements based on feedback from patients and clinicians was useful to identify refinements that improved PatientViewpoint's feasibility and value. These findings and methods should be useful to others conducting related efforts to integrate PRO measurement into ambulatory clinical practice and within EHRs [4] . The study has also some limitations. The patient sample was primarily white and highly educated, which could limit the generalizability of the findings.
Newer systems for PRO data collection integrated with the EHR are being developed. Since the completion of this study, Johns Hopkins Medicine has adopted the Epic EHR, which includes MyChart, a tethered patient portal with the capacity for patients to complete PRO measures [1, 8, 26] . There are several PRO measures built into the 2012 release of Epic, including the PROMIS static adult and child short forms [23, 27] and the PHQ-9 depression measure [26, 28] . Wagner and colleagues have published results using the PROMIS measures for symptom screening in ambulatory cancer care [29] . Other PRO measures can be built into the system. These PROs can be ordered by physicians or others, and the results are integrated into the EpicCare health record viewed by clinicians. The results can be viewed numerically and graphically and can be plotted over time alongside other data elements. As a result, the planned complete linkage of PatientViewpoint with the Johns Hopkins homegrown BElectronic Patient Record^was cancelled. This reduced the capacity of the system tested to achieve all of its planned functionality.
It is helpful to interpret the results in the context of the study's design. In particular, we applied a quality improvement approach, using a PDSA model. The results provide a range of feedback from 42 patients and 12 clinicians but were not intended to identify the frequency or importance of specific issues, such as those that may emerge from quantitative or qualitative research. Strengths of the study and the PatientViewpoint webtool include stakeholder and expert input into the features and design from the inception of the project and integration with potentially any electronic health record. These advantages were sufficient so that the Breast Cancer Program at Johns Hopkins is currently using PatientViewpoint to collect PROs as part of a registry of patients on hormonal therapy, a diet intervention study, and a recently funded program by the Centers for Disease Control and Prevention to facilitate management of breast cancer survivors diagnosed at <45 years of age.
Implications
Since we began our work, there are now a several dedicated patient portals that are linked to EHRs, the most prominent being the Epic MyChart, which can be used to collect PRO data. However, the majority of EHRs do not have their own Btethered^portal for PRO data collection. This suggests that there will be a need for PRO data collection systems like PatientViewpoint that can be Bbolted on^to these EHRs. An example of this kind of system is the EHR currently being u s e d i n s m a l l a m b u l a t o r y c a r e p r a c t i c e s ( e . g . , eClinicalWorks and NextGen [30, 31] ). Even for larger EHRs, there may be instances, particularly for research, where it is more efficient to build PRO questionnaires outside of the EHR. In the US Department of Veterans Affairs, the largest managed care system in the USA, the My HealtheVet patient portal allows authenticated users to enter information about health history and health events, use secure messaging to alert their physician, and use health management tools. While My HealtheVet is tethered to the EHR, its linkage does not yet include PROs [32, 33] . PatientViewpoint is developed so that it is straightforward to create an interface to any EHR.
Although some of the findings are specific to our system, there are some more general lessons from this project that might be applied by organizations to develop their own systems. Patient portals help to engage patients in their health and health care and may make them more satisfied members of their own health care team [34] . To promote engagement, systems should give patients multiple options to complete questionnaires, view their own results, and identify individual priorities. Systems should be designed to encourage clinicians to view the results, in order for these to be useful. This requires presenting the data in an interpretable and actionable manner. Optimizing integration of PRO measures within the clinical workflow is critical; this may benefit from dedicated work with clinical users to identify and overcome barriers. Several of these findings have been supported by other published research [15] .
This study also raised a number of questions, some regarding the presentation of PRO results to patients and clinicians. We are currently conducting a study to evaluate presentation of PRO data to patients and clinicians to improve understanding and application of the data into practice [35] .
